Paul Mellars has long used cave and rockshelter ungulate faunal assemblages from southwestern France to argue that the early Upper Palaeolithic people of this region focused their hunting on reindeer (Rangifer tarandus), and that such specialized hunting distinguishes the Upper from the Middle Palaeolithic in at least this region. We examine this argument quantitatively, using a sample of 133 Mousterian, Châtelperronian, and Aurignacian ungulate assemblages. We show that only five Aurignacian assemblages, from three sites, stand out in terms of the degree to which their ungulate faunas are dominated by a single taxon. We also show that some Mousterian cave and rock shelter ungulate assemblages are more heavily dominated by large bovids than Aurignacian assemblages are dominated by reindeer, and that Mellars' argument is highly dependent on the exclusion of open sites from the analysis and on the numerical threshold he has selected to indicate hunting specialization.
Introduction

P
aul Mellars' 1973 examination of the nature of the Middle-to-Upper Palaeolithic transition in southwestern France has had a substantial impact on archaeological approaches to understanding this complex period of time. By focusing on a small set of apparently relevant attributes-for instance, changing stone tool morphology, the use of bone, antler and ivory for tool manufacture, the appearance of personal ornaments, and the long distance transport of raw materials-he produced a powerful synthesis that closely matched what others were concluding from the analysis of Mousterian and Upper Palaeolithic materials across Europe (e.g., Klein, 1973) . His efforts in this realm helped set the stage for what was to follow and remain at the centre of the current debate on the fate of the Neanderthals (e.g., White, 1982; Klein, 1989 Klein, , 1992 Klein, , 1995 Klein, , 1999 Klein, , 2000 Potts, 1998; McBrearty & Brooks, 2000) .
Here, we address one of the issues that Mellars raised in 1973, ''that the highly specialized hunting of one species of animal was particularly characteristic of the upper Palaeolithic period' ' (1973: 261) , and that such hunting distinguishes the Upper from the Middle Palaeolithic in at least this region. Although, as Mellars (1973) carefully noted, this was not a novel argument (e.g., Braidwood & Reed, 1957; Binford & Binford, 1966; Binford, 1968) , he amassed far more data to support it than had his predecessors.
It is also an argument that Mellars has continued to make, and to refine, over the years (e.g., Mellars, 1989 Mellars, , 1992 Mellars, , 1993 Mellars, , 1996 . Recently, for instance, he has suggested that Châtelperronian ''Neandertal goups practiced a relatively broad spectrum foraging pattern, usually involving substantial exploitation of at least three or four different species . . . by contrast, most of the faunas recovered from early Aurignacian levels in the same region show a striking specialization on reindeer, with reindeer often comprising more than 90% of the documented remains'' (Mellars, 1998: 500) .
To be sure, Mellars (1998) recognizes that the differences he sees in southwestern France between Mousterian and Châtelperronian faunal assemblages on the one hand, and those provided by Aurignacian ones on the other, may simply reflect changing climatic conditions. However, he has also argued that ''regardless of whether certain Mousterian groups practiced a significant element of deliberate economic specialization in the exploitation of particular animal species, it is clear that these patterns became more sharply defined, and more widespread, during the earliest stages of the Upper Palaeolithic'' (Mellars, 1996: 201) . Although Mellars (1998) argues that ''most'' early Aurignacian assemblages show such specialization, he routinely calls on just four sites to make the case (Mellars, 1989 (Mellars, , 1996 (Mellars, , 1998 : Abri Pataud, Roc de Combe, Le Piage, and La Gravette.
Mellars' arguments concerning early Upper Palaeolithic subsistence specialization in western Europe have not been widely accepted. While some whose geographic specialities fall outside of Europe have repeated the argument (e.g., Potts, 1998) , the same is not the case for those familiar with the details of the archaeological record of the region. Freeman (1971 Freeman ( , 1973 , Straus (e.g., 1977 Straus (e.g., , 1985 Straus (e.g., , 1987 Straus (e.g., , 1992 , Clark (e.g., 1987 Clark (e.g., , 1997 Clark & Yi, 1983; Clark & Lindly, 1989) , and others have shown that no such phenomenon exists in northern Spain. Chase (1987 Chase ( , 1989 , Simek & Snyder (1988) , Rigaud (1989 Rigaud ( , 1993 and Otte (1990) reject the argument for more northerly parts of Europe, and Stiner (1994 Stiner ( , 2001 rejects it for Italy and other parts of Eurasia.
We revisit this issue with the analyses that follow. This we do not simply because Mellars continues to make the argument, but because we are able to show with some precision how and why this argument is incorrect in its southwestern French homeland.
The Analysis
Our analysis of Mellars' argument is based on a large sample of Mousterian and Aurignacian faunal assemblages, along with an unfortunately small set of Châtelperronian ones. That sample is provided in Table 1 , and includes all Mousterian, Châtelperronian, and Aurignacian assemblages known to us that: (1) are from rockshelters and caves in southwestern France, since these are the kinds of sites, and the area, on which Mellars focuses; (2) are associated with a Mousterian, Châtelperronian, or Aurignacian lithic assemblage; (3) have specimen counts available (and not just percentage values or MNI counts); and, (4) have at least 20 identified specimens. In addition, we have excluded all Mousterian assemblages that predate oxygen isotope stage 5 (thus, for instance, the faunal assemblages from Grotte Vaufrey strata IV through VIII are not included in our sample; see Rigaud, 1988) . This process has provided us with 30 Aurignacian, 6 Châtelperronian, and 95 Mousterian cave and rock shelter assemblages (Table 1) . Table 1 also includes data for two Mousterian open sites, Mauran and La Borde, for which NISP counts are available; these sites are discussed separately below. Mellars (1996) has used a 50-specimen minimum limit for his examination of Mousterian ungulate assemblages, but his analysis of the Aurignacian also includes assemblages for which neither specimen nor MNI counts are available (for instance, La Gravette). The 20-specimen limit we employ is both low and arbitrary. As will be seen, however, this does not matter since, ultimately, no sites with specimen counts this low play a significant role in our conclusions. We have not excluded faunas that lack a detailed taphonomic assessment, nor have we excluded assemblages that some have suggested may to some extent be mixed (e.g., Rigaud, 1996 Rigaud, , 2000 . As a result, we have no way of guaranteeing that aspects of our results do not reflect the impact of either multiple depositional mechanisms or mixing. Including only assemblages that had been vetted in detail in this way would not have provided a sufficiently large sample to conduct the analyses that we conduct. Mellars' approach is identical to ours in this regard.
Mellars is quite explicit as to what he means by hunting ''specialization''. To be considered as reflecting specialized hunting, a faunal assemblage must be numerically dominated by one particular species, with that species selected from a wider range of taxa available to the hunters (Mellars, 1996: 196) . Thus, his argument requires that the faunal assemblages left behind by the people who created Aurignacian assemblages in southwestern France be dominated by a single taxon, that other taxa were available but not utilized to the same extent, and that this pattern contrast with that found in Châtelperronian and Mousterian assemblages. Even though Mellars specifies that the target taxon during the early Upper Palaeolithic was reindeer (Rangifer tarandus), the particular taxon involved is immaterial. It matters only that Aurignacian assemblages be dominated by one taxon, that such dominance not be driven by the fact that little else was available on the landscape, and that earlier assemblages be different in this regard.
Quantitative measures appropriate to assessing these issues now have a lengthy history in zooarchaeology (Grayson, 1984) . Here, we have chosen to focus our analyses on the evenness of the ungulate assemblages involved. We measure evenness as p i ln p i /ln S, with S taken to be the number of non-overlapping taxa in the assemblage and p the proportion of specimens in the ith species. This measure, E, can vary from 0 to 1; the lower the value, the less even the assemblage (Magurran, 1988) .
We have also calculated Simpson's Index for each assemblage (D= n i [n i 1]/N[N 1], where n i =the number of specimens in the ith species and N=the total number of specimens). We chose this index because it more sensitively reflects the dominance of an assemblage by a single species than does E. The values we report are the inverse of Simpson's Index: the lower the resultant value, the more the assemblage involved is dominated by a single taxon (Magurran, 1988) . Because the values of both of these indices may vary with sample size, we present all of our results as scattergrams with NISP as the independent, and the index values as the dependent, variable. Finally, to make our results easily comparable to those provided by Mellars, we follow him in also presenting an analysis that is percentage-based.
With one exception, our calculation of nonoverlapping taxa follows the protocol we have used in earlier publications (e.g., Grayson & Delpech, 1998 , Grayson et al., 2001 . The one exception involves the calculation of abundances for taxa identified at multiple taxonomic levels. For Combe Grenal stratum 11, for instance, Guadelli (1987) Figure 1 presents the relationship between evenness (E) and sample size for the Aurignacian assemblages in our sample. The correlation between these two variables is quite significant (r= 0·77, P<0·001), but, as the figure shows, the regression equation that emerges from this relationship overpredicts the evenness values of the five least-even assemblages: Abri Pataud 13 (the only two standard deviation outlier in the Aurignacian set), Abri Pataud 14, Le Piage J, Roc de Combe 5, and Roc de Combe 7. These five assemblages come from three of the four sites that Mellars has used to support his argument that most faunas from early Aurignacian levels in southwestern France are heavily dominated by a single taxon. Mellars' fourth site, La Gravette, has not been included in our analysis because specimen counts are not available. Figure 2 provides the comparable relationship for the Mousterian cave and rockshelter assemblages in our sample. Although the relationship between evenness and sample size is weaker here than it is for the Aurignacian assemblages, presumably in part because this sample covers a much greater span of time, it is still significant (r= 0·62, P<0·001). In this relationship, three assemblages have evenness values that fall Delpech, 1988 Delpech, , 1996 *We have treated Roc de Combe 7 as a coherent stratigraphic unit, even though the 14 C determinations for this unit make it clear that Roc de Combe 7a is significantly younger than Roc de Combe 7b and 7c (Delpech et al., 2000) . Although some specimens from this unit can be assigned to the subdivisions of which it is composed, the majority cannot (Delpech, 1983) . **The Mauran monograph (Farizy et al., 1994) does not provide complete specimen counts for the ungulates represented at this site. The monograph does, however, provide a total specimen count and the percentage abundances of each ungulate (Farizy et al., 1994: 46) . We applied the latter to the former to derive taxon-by taxon NISP values. more than two standard deviations beneath the predicted value (Les Fieux K, La Quina 6B and Pech de l'Azé IV G); one, Grotte XVI C, has an evenness value significantly greater than expected. Mellars' arguments, however, focus not on deviations between predicted and expected values, but instead on lack of evenness per se. Two assemblages stand out in this regard: Pech de l'Azé IV G and La Quina 8. (Farizy et al., 1994) , and La Borde, whose fauna, excavated from an aven, is dominated by Bos primigenius (Jaubert et al., 1990) . We discuss these sites separately below; unless otherwise indicated, they have been excluded from the calculation of the composite statistics we provide.
Evenness and dominance
The Aurignacian and Mousterian data are combined, and the Châtelperronian data added, in Figure  3 . In this figure, we have also identified all assemblages with evenness values beneath 0·25. Among the caves and rock shelters, Abri Pataud 13 and 14, Le Piage J, and Roc de Combe 5 and 7 emerge as the least even assemblages in our set, with Pech IV G and La Quina 8 not far behind. The faunas of all seven assemblages are dominated by reindeer. We observe that if the entire set of cave and rockshelter assemblages is treated as a composite, regression analysis shows Abri Pataud 13 and 14, Roc de Combe 7, and Pech IV G to be two standard deviation outliers in the low evenness group; among more even assemblages, Les Fieux K, La Quina 6B and Grotte XVI C emerge as two standard deviation outliers.
We dwell at less length on the results of the dominance (1/D) analysis. As Figure 4 shows, the same seven cave and rock shelter assemblages emerge as those most dominated by a single taxon. Beyond this, and as with the evenness analysis, there is almost complete overlap between Mousterian, Châtelperronian, and Aurignacian assemblages.
Percentage-based analyses
Mellars based his arguments for early Upper Palaeolithic hunting specialization on the analysis of taxonomic relative abundances expressed as percentages, and we follow his lead here. Figure 5 replicates his approach with our data set, arraying sample size against the percentage of each assemblage that is provided by the most abundant taxon. The same assemblages emerge here as emerged from the examination of evenness and dominance.
Finally, Figure 6 provides a histogram of the assemblages in our sample according to the degree to which they are dominated by a single taxon, using the same 5% intervals used by Mellars (1996) . Mellars (1996: 201) has observed that the dominant species in Mousterian cave and rock shelter faunal assemblages usually accounts for 60-70% of those assemblages, and our data are in accord with this observation. However, the Aurignacian modal decile value falls in exactly the same interval. In fact, chi-square analysis of these distributions shows that they are not significantly different from one another (chi-square=19·39, P> 0·20). Analysis of single-cell residuals (Everitt, 1977) shows that Mousterian values differ significantly from Aurignacian ones in two instances: there are more Aurignacian assemblages in the 91-95% and 96-100% classes than can be accounted for by chance (adjusted residuals=2·54 and 2·43, respectively; P<0·02 ). Not surprisingly, these intervals contain the Aurignacian assemblages from Abri Pataud 13 and 14, Le Piage J, and Roc de Combe 5 and 7, as well as the Mousterian fauna from Pech de l'Azé IV G. If Mauran and La Borde are added to the analysis, not only is the composite chi-square value reduced (14·04, P>0·20), but there are no significant (i.e., P<0·05) single-cell differences in the distribution of assemblages across percentage classes (see Table 2 ). That is, taking the same approach used by Mellars to make his argument concerning early Upper Palaeolithic subsistence specialization but treating Mauran and La Borde as part of our sample, removes the basis of the argument entirely.
Mellars could respond to this latter observation with a chi-square test of his own. After all, his argument is that ''most of the faunas recovered from early Aurignacian levels'' have ''reindeer often comprising more than 90% of the documented remains'' (Mellars, 1998: 500) . Clearly, most early Aurignacian faunas do not meet this requirement, but it is nonetheless true that five do. Even if we include Mauran and La Borde, there are significantly more Aurignacian assemblages whose most abundant taxon comprises more than 90% ''of the documented remains'' (5/30) than is the case in our Mousterian sample (3/97; chi-square=7·15, P<0·01). In particular, there are three more Aurignacian assemblages in this interval than this distribution predicts. Were Mellars to argue this way, part of his position would be salvaged, although not impressively so. Of course, there is nothing magical about Mellars 90% figure. It was clearly inductively derived from an examination of the distribution of taxonomic abundances in the faunas available to him, then selected because it maximized the distinction between the Aurignacian and Mousterian. Indeed, much the same could be said about the full range of archaeological phenomenona that have been used to define ''behaviorally modern'' in this part of the world: the entire set has been derived inductively by looking for differences, and then using those differences to define modernity (for an approach to a corrective, see McBrearty & Brooks, 2000) . Given this approach, and given that there is no reason to assume that a fauna that has resulted from specialized hunting can only be marked by taxonomic abundances above 90%, we observe that had a different figure been chosen, Mellars' argument could not have been made. If, for instance, we select 81% as the threshold figure and include Mauran and La Borde in the analysis, the resultant difference (8 of 30 Aurignacian assemblages compared to 12 of 97 Mousterian ones) is not statistically significant (chisquare=3·53, P>0·05; see Table 2 ).
Discussion
Our analyses question two important aspects of Mellars' argument, and we discuss each of these aspects in turn.
1. All the analyses we have presented show that the differences in cave and rock shelter assemblages targeted by Mellars reside in a very small subset of Aurignacian assemblages that have specimen counts: Abri Pataud 13 and 14, Le Piage J, and Roc de Combe 5 and 7. It is, in fact, simple to make the distinct nature of these assemblages even more obvious.
Of the 30 Aurignacian assemblages in our sample, 23 have reindeer as the most abundant taxon. Of the 11,114 specimens in these 23 assemblages, 8846, or 79·6%, are of reindeer (see Tables 1 and 3A) . Of the 95 Mousterian cave and rock shelter assemblages in our sample, 31 have reindeer as the most abundant taxon. These 31 have a total of 10,714 specimens, of which 7334, or 68·5%, are reindeer. This difference is highly significant (chi-square=353·02, P<0·001).
If we exclude Abri Pataud 13 and 14, Le Piage J, and Roc de Combe 5 and 7 from the Aurignacian list, we are left with 25 Aurignacian assemblages of which 18 are dominated by reindeer (Table 3B) . Of the 6573 specimens in these reindeer-dominated assemblages, 4496 are of reindeer. That is, excluding the Aurignacian assemblages that our analyses identify as providing the only potentially relevant support for Mellars' position, 68·4% (4496/6573) of the reindeerdominated Aurignacian assemblages are composed of reindeer-virtually identical to the 68·5% figure provided by the Mousterian assemblages. This difference, of course, is not significant (chi-square=0·01, P>0·50).
Although most Aurignacian assemblages in our sample are dominated by reindeer, some have red deer (Cervus elaphus), Capra sp., or large bovids (Bos and/or Bison) as the most abundant taxon. Mousterian and Aurignacian assemblages dominated by the first two of these taxa do not differ significantly from one another in the relative abundances of the most abundant taxon (for red deer, chi-square=0·72, P>0·50; for Capra sp., chi-square=1·77, P>0·10; see Table 3C and D). This is not the case, however, for assemblages dominated by large bovids (Table 3E) . Large bovids are the most abundant taxon in 11 Mousterian cave and rock shelter assemblages, compared to four such Aurignacian assemblages. The former have significantly more large bovids than do the latter (chi-square=11·03, P<0·001). If Mauran and La Borde are included in the analysis, the difference becomes comparable to that for reindeer (chi-square=314·14, P<0·001; see Table 3F ). In fact, the 13 Mousterian assemblages whose most abundant taxon is Bos or Bison are more heavily dominated by those animals than the 23 reindeerdominated Aurignacian assemblages are dominated by reindeer (chi-square=19·14, P<0·001; see Table 3G ).
2. The distinctive nature of the five Aurignacian assemblages (Abri Pataud 13 and 14, Le Piage J, and Roc de Combe 5 and 7) revealed by our analysis stems from Mellars' decision to include only cave and rock shelter faunas in his analysis and from his designation of 91% single-taxon dominance as tagging a ''specialized'' fauna. Once open sites are included in the sample, very simple quantitative analysis reveals that there are no significant differences in the distribution of Aurignacian and Mousterian assemblages across the same 5% intervals used by Mellars (1996) in his analysis. If we divide these assemblages into two dominancebased percentage classes, those at or above 91% and those beneath this figure, there are more Aurignacian assemblages in the 91-100% interval than can be accounted for by chance (three, to be exact). However, since the 91% figure was inductively selected to emphasize the potential differences between the assemblages involved, and since we are aware of no conceptual arguments that equate specialized hunting with taxonomic abundances of 91% or more, even this weak positive result does not provide much support for Mellars' position. As we have noted, if 81% is selected as the threshold and open sites are included in the analysis, no significant differences emerge between the Aurignacian and Mousterian in terms of taxonomic dominance. Mellars (1996) very correctly observes that the term ''specialized hunting'' implies, among other things, the selection of a subset of taxa as a hunting target from a broader array of potential prey taxa on the landscape. Mellars, we note, has not shown that during the times his ''specialized'' faunas accumulated, there was a broader array of acceptable, yet relatively ignored, species on the landscape in the vicinity of the sites that he targets as critical to his argument.
We do not address this issue here. We see no reason to, since we see no compelling evidence in Mellars' analysis or in the data that we have amassed to suggest that specialized hunting was being practiced to any greater extent during the Aurignacian than it was during the Mousterian. In concluding this, of course, we are saying no more than what many other analysts have already concluded (see the discussion above). We hope, however, that the approach we have taken here clarifies how and why Mellars has been led astray.
